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Abstract: This study aimed to investigate the effects of sublethal concentrations of oxadiargyl 
herbicide on growth performance, serum biochemical parameters and liver histology of the common 
carp, Cyprinus carpio, during 30 days exposure period. Carp fingerlings were randomly divided into 
four duplicate groups. Experimental groups were exposed to the concentration of 0.1, 0.3 and 0.5 
ppm of oxadiargyl, while the control group was kept in toxicant free. During the experiment, none 
of the control fish died. Weight gain and condition factor decreased, while food conversion ratio 
increased in fish exposed to 0.5 ppm of oxadiargyl. Exposure to oxadiargyl significantly increased 
serum ALT, AST and ALP, as well as glucose levels, while cholesterol, total protein and albumin 
were significantly decreased in the exposed fish groups depend on oxadiargyl concentrations and 
exposure time. Diffuse and focal necrosis mainly as perivascular necrosis fibrosis, increase in size 
and number of melanomacrophage centers, bile duct hyperplasia, hyperemia and hemorrhage, fatty 
changes in the hepatocytes, fibrocyte aggregation and focal inflammatory cells were also the 
histological lesions observed in the liver of exposed fish. These results showed that oxadiargyl is 
highly toxic to common carp and had negative effects on the growth performance, serum biochemical 




Contamination of aquatic environments by runoff and 
leaching of agricultural pesticides and herbicides 
poses serious toxicological risks to non-target 
organisms such as fish and shellfish species (Steinberg 
et al., 1995; Grung et al., 2015). The exposure of  
fishes even to low concentrations of herbicides may 
result in various physiological disorders and cause 
severe effects on behavior (Steinberg et al., 1995), 
growth performance (Sweilum, 2006), immune 
system and susceptibility to infectious diseases 
(Ahmadivand et al., 2015; Xing et al., 2015), 
reproduction and endocrine system (Ahmadivand et 
al., 2016), hematological and biochemical parameters, 
and histological changes of vital organs (Poleksic and 
Karan, 1999; Blahova et al., 2014), as well as show 
genotoxic effects and devastating fish deaths (Bálint 
et al., 1997; Zanjani et al., 2017). 
Oxadiargyl (C15H14Cl2N2O3) belonging to the 
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oxadiazole group, is one of the herbicides extensively 
applied to control weeds in rice fields in Asia and 
North Europa as well as in the north of Iran. 
Oxadiargyl is a broad-leaf herbicide and acts by 
blocking porphyrin biosynthesis by inhibiting 
protoporphyrinogen Oxidase (Hwang et al., 2004). Its 
half-life in soil is 20-30 days, however, its low 
aqueous solubility led to rapid accumulation and 
contamination in soil and water bodies (Mahmoudi et 
al., 2013). 
Many experiments investigated the phytotoxic 
effects of oxadiargyl (Nethra and Jagannath, 2011; 
Ahmed and Singh-Chauhan, 2015; Monjezi et al., 
2015). However, in spite of the genotoxic and 
hematological effects (Zanjani et al., 2017), as well as 
the retarding growth (Ajani et al., 2015) induced by 
the other member of oxadiazole chemical family, 
oxadiazon in fish, there are a limited data concerning 
the lethal and sublethal effects of this herbicide on 
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aquatic organism, particularly freshwater fishes.  
The common carp, Cyprinus carpio, is one of the 
most important and valuable commercial fish species 
in Iran that mainly farmed in the north of Iran i.e. 
Guilan, Mazandaran and Golestan provinces, the area 
that the oxadiargyl is widely used to control weeds in 
paddy fields (Mahmoudi et al., 2013). Hence, the 
present study was aimed to investigate the effect of 
oxadiargyl on growth performance and serum 
biochemical parameters in common carp fingerling. 
Histopathological changes in the liver, the main organ 
for detoxification was also investigated.  
 
Materials and Methods 
Chemicals: Technical grade, oxadiargyl herbicide 
(3% EC) manufactured by Saveh herbicide Company 
(Arak, Iran) was used in this study.  
Fish and experimental design: Common carp with the 
mean weight of 19.21±2.3 g and total length of 10.27± 
0.47 cm were obtained from a local fish farm (Guilan 
Province, Iran), and acclimated to laboratory 
conditions in 1000L tanks for two weeks. The fish 
were randomly selected and introduced into four 
duplicate 100L tanks (n=30) and exposed to 
concentrations of 0.1, 0.3 and 0.5 ppm of oxadiargyl. 
A control with toxicant free water was also 
maintained. The dechlorinated tap water was used and 
renewed daily. Physiochemical characteristics were 
monitored before and after water exchange. The fish 
were fed (3% of body weight) commercial FFC-
Extruded fish food (Faradaneh Company, Iran) twice 
a day and starved for 24 hrs before sampling. 
Growth performance: At the end of the experiment, 
the body weight and total length of individual fish of 
control and exposed groups were measured, and the 
feed conversion ratio (FCR), weight gain (WG) and 
condition factor were calculated based on Kane et al. 
(2016). 
Biochemical analysis: At day 30 after sublethal 
exposure, five fish from each replication were 
anesthetized with clove powder (200 mg.L-1), and 
blood was collected from caudal vein puncture. The 
blood was allowed to clot and serum was obtained by 
centrifugation at 4000×g for 5 min. Then, serum 
aspartate aminotransferase (AST), alkaline phosphat-
ase (ALP), alanine aminotransferase (ALT), albumin, 
cholesterol, total protein, and glucose were 
determined by commercial kits (Parsazmon Co. Iran) 
according to the manufacturer protocols. 
Histopathology: At the end of experiment, three fish 
from each replication were sampled and the liver 
tissue was removed for histological examinations. 
Then the tissues were fixed in 10% NBF, dehydrated 
and embedded in paraffin, 5 µm sections were 
prepared and stained with hematoxylin and eosin 
(H&E) according to Hewitson et al. (2010) and 
Eagderi et al. (2013), and then examined under a light 
microscope (Nikon E600). 
Statistical analysis: The data were analyzed using the 
statistical package SPSS20 software (Chicago, IL, 




Growth performance: The results of growth 
performance parameters after 30 days sublethal 
exposure are shown in Table 1. Body weight and total 
length in the initial control were 19.26 ±1.26 g and 
10.3±0.25 cm, and reached to 23.8±1.83 g and 
10.8±0.23 cm, respectively, on day 30. However, the 
Table 1. Growth performance in common carp at day 30 after exposure to different concentrations of oxadiargyl (Mean±SE, n=30) 
Dose (ppm) 0 0.1 0.3 0.5 
Initial weight (g) 19.26±1.26 a 18.91±1.39 a 19.29±1.47 a 19.4±0.92 a 
Final weight (g) 23.8±1.83a 24.18±1.73a 22.5±2.11a 19.73±0.87b 
Weight gain (g) 4.54 ±1.07a 5.27± 0.38a 3.21±0.67 ab 0.33±0.19b 
FCR 1.06±0.12a 1.04±0.1a 1.1±0.13a 1.25±0.08b 
Initial Size (cm) 10.3±0.25 a 9.96±0.05 a 10.48±0.43a 10.35±0.43a 
Final Size (cm) 10.8±0.23a 10.57±0.45 a 10.66±0.65 a 10.5±0.65 a 
Condition Factor 1.9±0.11 a 2.04±0.08 a 1.86±0.2 ab 1.7±0.1b 
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increase of the weight and length were occurred in the 
control fish, they were inhibited in the treatments. A 
significant decrease in weight gain and condition 
factor, and increased food conversion ratio (FCR) 
were observed in fish exposed to 0.5 ppm of 
oxadiargyl (P<0.05).  
Biochemical parameters: The results of serum 
biochemical parameters are presented in Table 2. 
Exposure to oxadiargyl significantly increased serum 
ALP, AST and ALT, as well as glucose levels, while 
cholesterol, total protein and albumin were 
significantly decreased in the exposed fish groups 
depend on oxadiargyl concentrations and exposure 
time (𝑃<0.05). However, no significant changes in the 
examined serum biochemical parameters of the fish 
exposed to 0.1 mg/l of oxadiargyl were observed. 
Liver histopathology: The histological details of the 
carp liver (hepatopancreas) tissue is shown in the 
Figure 1A. Diffuse and focal necrosis mainly as 
perivascular necrosisfibrosis, hyperemia and 
hemorrhage, fatty changes in the hepatocytes, focal 
inflammatory cells and fibrocyte aggregation were the 
histological lesions in the liver of exposed fish. Sever 
bile duct hyperplasia and increase in size and number 
of melanomacrophage centers depend on oxadiargyl 
concentration were also observed (Fig. 1B, 1D). 
 
Discussion 
Oxadiargyl is the main herbicide, extensively applied 
to control weeds of the rice fields in the Southern 
Caspian Sea basin (Mahmoudi et al., 2013). The 
present work studied the toxicity effects of oxadiargyl 
on different physiological parameters of common 
carp. Based on the results, histopathologically, 
oxadiargyl induced mild to severe alternations in liver 
of common carp depend on herbicide concentrations 
which may be a result of increasing cell activities, and 
is in agreement with previous studies reporting 
different histopathological changes in fish following 
exposure to herbicides (Ahmadivand et al., 2014; 
Poleksic and Karan, 1999; Blahova et al., 2014). 
Moreover, the observed changes in size and number of 
melanomacrophage centers (MMCs) in liver tissue 
depend on the herbicide concentration further 
Table 2. Biochemical parameters in common carp after exposure to different concentrations of oxadiargyl. 
Dose (ppm) 0 0.1 0.3 0.5 
10 days     
ALT (U L) 26.3±2.1a 25.9±1.3a 28.32±1.56b 32±1c 
AST (U L) 143±12.12a 144±11a 178.3±8.7b 236.67±7.6c 
ALP (U L) 40.3±3.6a 39.14±2.2a 45.6±1.23b 47±1.2c 
Albumin (g dL) 0.96±0.02a 1.01±0.05a 0.98±0.02b 0.78±0.04c 
Cholesterol (mg dL) 256±2a 249.67±3.06a 216.67±5.86b 166.67±2.08c 
TP (g dL) 2.74±0.1a 2.78±0.21a 2.2±0.14b 2.06±0.12b 
Glucose (mg dL) 59.33±7.02a 62.67±2.08a 74±1b 81.67±0.58c 
20 days     
ALT (U L) 25.8±1.2a 26.09±1.4a 30.1±1. 3b 33.8±1.3c 
AST (U L) 141±2.2a 141±9.7a 181.43±5.01b 251.61±4.9c 
ALP (U L) 39.8±2.12a 38.9±3.2a 44.67±1.53b 46±3c 
Albumin (g dL) 0.99±0.02a 0.95±0.03a 0.86±0.02b 0.69±0.02c 
Cholesterol (mg dL) 259±5a 241.61±3.06a 191.67±4.31b 129.67±5.86c 
TP (g dL) 2.71±0.01a 2.68±0.24a 2.15±0.1b 1.98±0.03b 
Glucose (mg dL) 60.12±4.01a 67.33±2.08ab 74±1b 106.34±0.51c 
30 days     
ALT (U L) 25.33±2.52a 24.19±1.53a 30.33±1.53b 36±0.8c 
AST (U L) 140±12.12a 141±14.8a 187.33±10.07b 267.67±8.96c 
ALP (U L) 39.33±3.06a 38.17±2.52a 45.07±2.57b 49±2.8c 
Albumin (g dL) 1.03±0.02a 0.94±0.05a 0.75±0.01c 0.67±0.02d 
Cholesterol (mg dL) 257±6a 239.67±3.05a 198.67±5.86b 157.66±2.1c 
TP (g dL) 2.72±0.02a 2.63±0.24a 2.06±0.12b 1.95±0.02b 
Glucose (mg dL) 59.29±5.32a 66.35±3.04 a 78±1b 96±1c 




Emadi et al. / Toxicity and biochemical effects of Oxadiargyl in Common carp 
confirmed that MMCs can be considered as a 
biomarker of environmental stress such as pesticides 
(Ribeiro et al., 2011). The toxic effects of pesticides 
on hepatic cells may result in the body metabolic 
alteration as well (Wolf and Wheeler, 2018). 
 A significant change in serum biochemical 
parameters, including total protein, albumin, glucose, 
cholesterol as well as in serum ALP, AST and ALT 
levels were observed over a 30-day period and the 
higher concentration of herbicide caused more effects, 
which is in agreement with the findings of Saravanan 
et al. (2017), evaluating the acute toxicity effects of 
oxadiazon on carp. Decrease of total protein and 
albumin might have been resulted from the impaired 
protein synthesis due to hepatic dysfunction and 
immunosuppressive effect of the herbicide (Nayak et 
al., 2004; Gokcimen et al., 2007). Moreover, change 
in glucose and cholesterol levels indicate the 
metabolic alteration in fish energy sources, especially 
carbohydrate metabolism due to liver dysfunction 
(Barton, 2002). Also, the observed increase in serum 
ALP, ALT and AST activity may be related to tissue 
damage resulting in the amino acid and protein 
metabolism disruption. 
Detrimental histopathological and biochemical 
effects can have a negative effect on the growth 
performance of reared fish and can lead to a decrease 
in growth and economic losses. Here, the growth 
performance of exposed fish was inhibited, which is 
in agreement with previous reports studying growth 
parameters of fish (Ajani et al., 2015), as well as the 
rodents and dog (Richert et al., 1996) following 
exposure to oxadiazole group. Similarly, Ajani et al. 
(2015) found a significant decrease in the growth and 
feed intake and utilization of African Catfish (Clarias 
gariepinus) exposed to 0.008 ml.L-1 and 0.02 ml.L-1 of 
Figure 1. Histopathological changes of the liver tissue of the common carp after 30 days sublethal exposure to oxadiargyl. (A) Liver tissue of 
control fish, (B) fish exposed to 0.1 ppm, (C) 0.3 ppm, and (D) 0.5 ppm of oxadiargyl; P: Pancreas, Ht: hepatocytes, SS: sinusoidal spaces, FC: 
Fatty changes, F: fibrosis, MC: melano-macrophage centers, N: necrosis, H: hyperemia, HP: hyperplasia. 
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 oxadiazon, the other member of oxadiazole group. 
Also, Saravanan et al. (2017) assessed the acute 
toxicity effects of 0.5, 5 and 50 μg.L-1 oxadiazon on 
carp for 96 hrs, and reported that this herbicide 
negatively affected the hematological and 
biochemical parameters of the fish. However, 
regarding the effects of oxadiargyl on fish growth no 
data was found. Therefore, the growth inhibition by 
exposure to oxadiargyl in the current study may be due 
to the reduced fish appetite, dysfunction in 
metabolism process and waste of energy to overcome 
the stress caused by the herbicide (Abdul-Farah et al., 
2004). 
In conclusion, the results showed that oxadiargyl 
has a significant negative effect on growth 
performance and induces significant biochemical and 
histopathological alterations in the liver of common 
carp, and it is suggested that this herbicide is highly 
toxic for C. carpio. However, further studies need to 
find out its toxic effects on the other physiological 
parameters of the fish. 
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 )oiprac sunirpyC( معمولي کپور ماهي در بیوشیمیایي و رشد پارامترهای بر اکسادیارژیل کشعلف اثرات بررسي
  
 1، علي ماشینچیان2، شهلا جمیلي 1زاده، سمیه شریعت*1حسین عمادی
 .گروه بیولوژی دریا، واحد علوم تحقیقات، دانشگاه آزاد اسلامی، تهران، ایران1
 .موسسه تحقیقات علوم شیلاتی کشور، سازمان تحقیقات، آموزش و ترویج کشاورزی، تهران، ایران2
 
  چکیده:
عمولی، مبر پارامترهای رشد و بیوشیمیایی و همچنین میزان آسیب بافتی کبد در ماهی کپور  اکسادیارژیلکش این مطالعه با هدف بررسی اثرات علف
گرم در چهار گروه هر کدام با دو تکرار و  91/72±2/3(میانگین وزنی عدد ماهی کپور  021ین منظور تعداد رای اانجام شد. ب ،oiprac sunirpyC
قرار گرفتند.  اکسادیارژیلمیلی گرم در لیتر سم  0/5و  0/3 0/1، 0روز در معرض غلظت های  03لیتری به مدت  001ماهی در تانک های  51تراکم 
غییر ها مقایسه شد. ترهای رشد بیوشیمیایی سرم بین گروهدر انتهای دوره آزمایش بیومتری انجام و از ماهیان نمونه بافت کبد و خون تهیه و پارامت
 ).<P0/50(در مقایسه با گروه کنترل مشاهده گردید  های تیمارمیانگین افزایش وزن، ضریب تبدیل غذایی و فاکتور وضعیت گروهداری در میزان معنی
در حالی  داری مشاهده شد،سرم افزایش معنیPLA و TSA ، TLAآنزیم کبدی  گلوکز و همچنین میزاناکسادیارژیل های تیمار علاوه در گروههب
فیبروز  بافت تشکیل و صفراوی مجاری هایپرپلازی ).<P0/50(داری نشان دادند ها کاهش معنی، پروتئین کل و آلبومین این گروهکلسترولکه 
ای و همچنین افزایش هستههای التهابی تکو نفوذ سلولها هپاتوسیتتغییر چربی در تعداد زیادی از ها،  فیبروسیت و کلاژن هایرشته حاوی
 بر اساس نتایج این مطالعه اکسادیارژیلروزه با سم مذکور مشاهده شد.  03و تعداد مراکز ملانوماکروفاژ در بافت کبد در پایان دوره  اندازهمتوسطی در 
 گذارد.برای ماهی کپور بسیار سمی بوده و اثرات شدیدی بر اندام کبد، میزان رشد و پارامترهای بیوشیمیایی این ماهی می
 .کبد ،شناسی آسیب بیوشیمیایی، پارامترهای رشد، پارامترهای کپور، :کلمات کلیدی
 
